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INTRODUCTION : 
I I 

A preliminary investigation has been conducted on the 
martensitic transformation in AISI 301 at cryogenic 
temperatures. This program was undertaken in vier of 
failures of Centaur bulkheads in weld areas, 

It ie well known that 300 series austenitic stainlesa 
steels undergo a strain induced martensitic transformation 
from face-centered cubic austenite ( 3') to body-centered 
cubic martensite ( 6' 1. A less well-known fact i 8  that 
martensitic transformation can occur in certain 300 seriea 
stainless stee~f~spontaneously upon cooling to the viein- 
it3 of -320'F. In addition, a close-packed hexagonal , 
transformation product (f transitional between y a n d 6  
has been recently identified. ( 2 *  3* 4, 

The experimental techniques emplo2ed in this investigatioa . 
and certain of the ssaumptions made were based on the 
resuits oi an investig*tion~~~oneucted at  the ~ r y e g e z i c  
Engineer ing  Laboratorb , Kational  Bureau of Standards to 
evaludte  t h e  e f f e c t  o f  t h e  martensitic transf rmation on 

P1, 3, 5, 6 ,  7 ) f  t h e  p r o p e r t i e s  o f  a u s t e n i t i c  s t a i n l e s s  s t e e l s  

I 

I 

I 

OBJECTIVE : 

The objective of this program was to determine the possible 
influence of martensitic transformations in AISI 301 on the 
l o w  temperature service failures of Centaur bulkheads. 

SUIPIARY AND CONCLUSIONS: 

1. It is concluded that a spontaneous martensitic trang- 
formation occurs in annealed AISI 301. The magnitude 
of the transformation varied from zero to in excess of 
50 per cent depending on the chemistra of the particular 
heat tested. 

*Sponsored by the Advanced Research Projects Agene) 
of the Department of Defense. 
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2. A close-packed hexagonal phase (f  ) transformation product 
which appeared t o  be transit ional i n  nature was found in 
AIS1 301 annealed. 
spontaneously and as a function of strain. 

The spontaneous tnrnsformation that occurs i n  annealed AISI 
301 base material also was found in spot velds of cold-rolled 
AIS1 30L 

This phase was found t o  occur both 

3. 

4 

Based on previous work and the  results obtained i n  this  progrsm, 
the  opinion was reached that AISI 301 is unsuitable f o r  use in  
t h e  spot weld configuration under the  present standards and 
selection cri teria.  

1. It is recoanmended that AIS1 301 not be used i n  the spot veld 
configuration u n t i l  stabil ization against spontaneous marten- 
s i t i c  transformations t o  an acceptable degree be accaPlrplished.. 

Stabil ization can Fssibly be accomplished by csnt-miliiig the 
chemi s t r y  within r , a 9 . i r 2 l  cort?ositional limits. 
32 sr,d l!i content i . r i i l l  nrcr'ote stabilization, although with 
ti:e ificrcased C ar?d ?I2 content y u inc-ease the deleterious 

2. 
Increased C, 

effect  on the fatigue pro3erties ? 9 ,  ''1. 
3. 3x111 pre-streins a t  ambient temperatures o r  above prmote 

t ransfomtion 'while  large pre-strains promote stabilization. 
In addition, during strain-induced transformation at roan 
teqera ture ,  the f phase can be expected t o  be largely 
suppressed. Therefore, a pre-strain of the weld may attain 
a desired degree of stabilization. 

All specimens were cut fran cold-rolled AIS1 301 

Stainless Steel  Stock 

Small S t r a i n  Test Specimens 
Standard 9 inch tensi le  coupons were cut fran cold-rolled A I S I  
301 Sheet Stock, Heat E m b e r  62879. 
CmFs i t iona l  Fluctuations on Spontaneous Transformation Specimens 

Specimens were cut  from seven different heats (See Table I) i n  
the form of 1 x 3 inch blanks. 
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I Fus ion  Weld Specimelu 

1 x 3 i n c h  b l a n k s  from Heat Number 57644 w e r e  f u s i o n  welded 
t o g e t h e r  t o  form the f i n a l  specimens,  

PROCEDURE: 

Specimens o f  c o l d - r o l l e d  A I S 1  301 w e r e  annea led  and s u b j e c t e d  t o  
temperature c 3 c l i n g  t e s t s  between room t empera tu re  and  - 3 2 O O F .  
Smal l  amounts o f  t e n s i l e  s t r a i n  were i n t r o d u c e d  a t  -320'F. 
o f  t h e  specimens.  
examina t ions  were conducted.  
gage t h a t  had been p r e - c a l i b r a t e d  t o  measure p e r c e n t  &'. 
traces were o b t a i n e d  wi th  a h o r i z o n t a l  d i f f r a c t o m e t e r ,  a counter 
and a scalar c i r c u i t  i n  c o n j u n c t i o n  w i t h  a r e c o r d e r .  

S m a l l  S t r a i n  Procedure  

I 

i n  some 

The magnet ic  s tudy  employed a magna- 
Meta l log raph ic ,  magnet ic  and X-raa d i f f r a c t i o n  

X-ray 

The specimens w e r e  annea led  a t  1850'F. and a i r  cooled.  
specimens. .were s t r a i n e d  a t  -32O0F. 2.5%, 5%. and 9% i n  a two-inch 

E l e c t r o - p o l i s h i n g .  The specimens were then  scanned from 60 t o  
90 d e g r e e s  w i t h  t h e  X-ra) d i f f r a c t o m e t e r  i n  two s e p a r a t e  areas. 

Three  

rage length resnertiv~ly~ A l l  cf + h a  -.a\. o y c L L s l z r s r r 0  ~n.-.a4-. . . . . .  ...--A U S A  5 u c a L . c l A e u  A - - - - . l - A  =-- vy 
v r-- -- - - -  

, 
1, Composi t iona l  F l u c t u a t i o n s  Procedure 

One specimen from each  h e a t  was annea led  a t  2000 0 F. and a i r  cooled.  
The specimens were then  e l e c t r o p o l i s h e d  t o  remove h e a t - t r e a t i n g  
scale and s u b j e c t e d  t o  tempera ture  c a c l i n g  i n  LN2. 
t r a n s f o r m a t  ion  t o d '  was measured magne t i ca l ly .  

The spontaneous  

S m a l l  S t r a in  I 

Fus ion  Weld Procedure  

Specimens w e r e  c u t  from two weld c r o s s  s e c t i o n s ,  mounted, 
mechan ica l ly  p o l i s h e d  and l i g h t l y  e tched .  

A m e t a l l o g r a p h i c  s t u d y  w a s  then  made. 
f i n a l  e l e c t r o l 3 t i c  p o l i s h  is needed for maxim& accuracy of result.. 

I t  s h o u l d  be n o t e d  t h a t  a 

BESULTS : 

X-ray  d i f f r a c t o m e t e r  p a t t e r n s  r e v e a l e d  t h e  p re sence  o f  6 a8 w e l l  
a8 d' Dhase, Small Deakn were verified hv rniintina + o m h n i a n . r r  

3 
t 
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Peaks l a b e l e d  1 and 2 above r e  s e n t  r e f l e c t i o n s  from t h e  
c lose-packed  hexagonal 6 phase . The speclrnen s t r a i n e d  
2.57; e x h i b i t e d  t h e  l a r g e s t  peaks f o r  t h e  f phase.  The annea led  
specimen ev idenced  no d e t e c t a b l e f  
t i o n s  f o r  t h e  9% s t r a i n e d  sample were d e t e c t a b l e  only  through 
scalar count ing .  The annea led  specimen w a s  subsequen t ly  cyc led  
i n  LN2 and t h e  X-ray t r a c e  r e v e a l e d  b o t h 6  and a' phase r e f l e c -  
tions. 

PV 

r e f l e c t i o n s  and t h e  r e f l e c -  

Composi t iona l  F luc tua t ion .  

The spontaneous  t r ans fo rma t ion8  t o d :  were measured with a magna- 
gage and found t o  be a8 fol lows:  

I 

MAGNA GAGE READING 

A f t e r  One C y c l e  
5 Hin. a t  -32O0F. 

A f t e r  Four Cycics  
Before  Quenching 5 Min. a t  -320 F. 
Specimen Avg. % 6' Specimen % Spec i. AVg.% Q 

A 0 A 1 A 4 
B 0 B 48 B 40 
C 0 C 24 C 43 
D 0 D 21 D 38 
E 0 E 26 E 30 
P 0 F 0 F 0 
G 0 G 4 5  G 40 

4 
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The increase  i n  transformation with cycl ing is co sis 

order  t o  recheck t h e  r e s u l t s ,  another group of specimens were 
annealed, descaled, quenched and q u a l i t a t i v e l y  checked for 
magnet i QO. 

I with previous work on.300 Series  S t a i n l e s s  S t e e l s  PL B y t  In 

Specimens A and F evidenced no de tec tab le  mgnet ism and the  
rest were magnetic t o  varying degrees. 

X-Ray diff-mction t r aces  were made for  specimens B, D, E and F 
and are l l l c s t r a t e d  i n  Figures 1 through 4 respectively.  
various r e f l ec t ions  are iden t i f i ed  on the t races .  

The 

F k i o n  Weld: 

Figures 5 through 7 are micro-photographs of one of the  veld 
specimens. Figure 5a represects  an area includlng both the  
weld bead and t h e  heat a f fec ted  zone as welded. The crack 
(upper l e f t )  i s  the  junct ion of the  two jo ined  sheets.  The 
striatims Fr? some g x i n s  (note erea A) and sur face  upheavals 
r e r r e sen t  sn-ain-iricluceci ;ransPomiatiofi caused by t k  rim1 
stazes of' mecl-anical- polisnins.  Ur.less d is ioca t ions  are etched, 
Efter  xke f n c t  e-.-hint; w i l l  ro; c k l l n e z u c  e i 3 e r  s l i p  Lines  o r  
smrace riefontation due t o  X  ̂'. ~i p r e  51; recreser.+,s t h e  sc-e 

r&-ation of e:.istirg plates E d  r.ew fo r ra t ion  are at w e 1  "? i l l u s -  Pro- 
area after q1~erxh:~g a n d  holding f o r  10 ninutes  

t r aced  Rear the  twinzed Y grain. 
state i n  the  hea t  affected zone and area C a rew state i n  t h e  
weld bead. 

Mar tens i t ic  t ransformatio 
"his was evident i n  examining both specimens. 
s en t s  R neavily transformed area i n  the  keat  a f f e c t e d  zone of 
a specimen af ter  quenching. Notice t h e  apparent crack. I n  
examining t h e  specinen p r i o r  to  quenching, nothing of t h i s  
nature  was detected.  The d iscont inui ty  ms examined a t  differ- 
e n t  magnifications under var ied l igkz ing  and a s  judged t o  be a 
crack r a t h e r  than a ferri te s t r inger .  
the  d i scon t inu i ty  i n  relation t o  t h e  weld 'Lead a t  l e f i  and t h e  
case material extreme right. 

Area B i l l u s t r a t e s  a new 

re  known t o  be heterogeneous. +- Figure 6 repre- 

Figure 7 is a view of 

DISCUSSIOIV: 

The t i m e  available f o r  t h i s  program and report was extremely 
limited. ??,erefore, t h e  program was conducted t o  obta in  t h e  
maximum information i n  a mi- time. Undoubtedly, the use 

5 
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of more tine consuming techniques and more experiments would 
add considerable infornat ion t o  the  r e s u l t s  presented i n  t h i s  
report. 

Spontaneous formetion o f d ' i s  accompanied by ,. 
increase  per u n i t  volume trensfomed. Therefore, spontaneous 
formation of d'can be a s smed  t o  r e s u l t  i n  l oca l i zed  resihal 
stresses. The magnitude of these stresses would be dependent 
on t h e  amount of Y transfomed and t h e  a b i l i t y  of t h e  parent 
material t o  d i s t r i ' cu t e  szress concentrations. 
decreases,  s t r e s s  relief a r o w d  stress concentrators becomes 
increas ingly  d i f f i c - d z .  Resid--al stresses coupled with t h e  f a c t  
t h a t  b r i t t l e  f prgse foras sgontaneously i n  annealed AISI 301 
leads to  t h e  sup>osit ion thar, a high p rokab i l i t y  e x i s t s  fo r  t h e  
i n i t i a t i o n  of cracks i n  ce r t a in  weld zones a t  low naairml se rv ice  
stresses. Many serv ice  f a i l u r e s  that h v e  occurred in t h e  past 
i n  b r i t t l e  materials a t  nmi-  se 

qfy+ ' 
percent volume 

A6 Wrcent  

e stresses belov t h e  yield 
are attr ibuted t o  residml stresses %8'j . 
It is l o g i c a l  t o  expect t h a t  t he  r e s u l t s  presented h e r e  would 
nnt ?x detec t~ l t le  ir! s t z d ~ r d  nechanical prcperty test:: G:: 

cold-rol led AISI  301. r . e n  cre.c!rs fomed i n  weld areas would 
not F e  e>Tected ' 0  jro:---ate er-astro:~hicall:; es i n  t h e  case of 
w k o l l y  br i t t le  s-2--Llcxires, As a x t t e r  of i- :erest ,  laboratory 
t e s t s  kave keen rotorio-:sly r-szccessf i : l  i n  &in,licating " i n  
service"  f a i lu re s .  

I n  a Fompletely s te-ci l ized AISI 301 weld r e s idua l  stresses due 
to  d f o n n a t i o n  would 're elimirated and i n  addi t ion ,  no f would 
fom u n t i l  se rv ice  stresses Ymduced l oca l i zed  p l a s t i c  strains. 

Along t h e  l i n e s  of tk-e precediF4 discussion, it is bel ieved that 
A I S  301 is unsui table  for s t r u c t u r a l  purposes i n  t h e  spot welded 
condition without control  of the  spontaneous mar tens i t ic  t rans-  
formations. It i s  potexorthy ;'hat t h e  s t ra in- induced transforma- 
t i o n  c h a r a c t e r i s t i c s  of AIS1 301 ere aralogous t o  18-8 a u s t e n s i t i c  
stainless steels and they  should exhibit similar serv ice  behavior 
with AISI 301 i n  t h e  s - d k i l i z e d  condition. 

6 
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Type Specimen 1 Heat No. C i1 2 

Fusion Meld 57644 0.08 1 0.035 
Small Strain i 62879 0,07 1 0.03 
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Cr Ni I Hn 

17.4 . 7.251 1.00 
17.3 7.4 1 1.27 

TABLE I 

6.80 

6.8 

6.7 

CHEMISTRY OF SMALL STRAIN AND F U S I O N  W E L D  

0.70 

0.71 

. 0.72 

0.04 

0.03 

TABLE I1 

CHENISTRY OF SEVEN IIEATS USED I N  THE COMPOSITIONAL FLUCTUATION 

ON SPONTAXWUS TRANSFORMATION 

17.3 

17.7 

I 

49324 

49095 

47156 

4906 1 

-- A I 

0.07 

0.09 

I B  
C 

D 

E 

F 

G 

C hem is1 

0.04 17.07 
I 

0.03 1 17.2 

-1 
7.251 1.00 I 

.. 

7 



1. R .  P. Reed and R. P. ~{i l i t?se l i ,  Advance i n  C r j o g e n i c  h g r . ,  
Plenum P r e s s ,  I n c . ,  Sew York, 6 ,  84 (19Sk3) 

i ,  2. n .  Cina Acta Net. 6 ,  74B (1958) 
t l  

I 
3. C .  J .  Guntner and R .  P. Reed,  Advances i n  C q o g e n i c  

Engr . ,  Planum Press Inc .  Xew Y'ork 7, 500 (1962) 
1 

4. H .  0 IIe, Acta Met., 5 ,  614 (1957) ! I  
5. C .  J. Guntner and R .  !>. Reed ,Idvnnces i n  Crhogenic  

EJigr. ,  Plenum Press,  I n c . ,  Kea York 6 ,  565 (€960) 

6 .  C .  J .  Guntner and R .  P. Reed, Trans.  Quarter13 of Am. 
S o c i e t )  f o r  Hetals ( t o  b e  p u b l i s h e d  S e p t .  1962) 

I 

i 
8 .  :,. \. ! i e l l s ,  : . e ld ing  !?escarch ( I \ r i t i s h )  t i m i l ,  (1963) 

9. E.M.G. 21 Coinrzrison of 301 end SOlN Skin Material (Astronautics 
Conf iCent ia l )  Feb., 25-1958 

E.M.G. 36 X-Ray Diffraction Analysis of Spot Welded 301 and 
3Ol.N Material (Astronautics) (1958) 

10. 

8 



. - -  
. - . - - -  _ .  

. .  



i 
I .  . 

: I  
* .  

-P 
d 



I. 



Id 
0 
ri 

L a  
K 

3 :- 
-I; 

! 

i 



.- .. 

f. 
6 

c F - 1  



R e p o r t  30. 

*x'"- e- 

'\ t i 

\ 
. I  

. .  ... 
I 

Figure 6 

Apparent C r a c k  i n  A I S T  301 Spot Weld After Cycling to LN2, 5oaX 
4 

. 
View of Spot Weld C r a c k  in  Relation t o  Weld Bead, loaX 
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